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Abstract 
The objective of the present study is to gain a fundamental understanding on CO2 behavior during the seepage from 
the geologic carbon sequestration site. To elucidate the seepage behavior in the marine sediment, CO2 bubble 
dynamics in partially saturated porous media was studied. Force balance on a CO2 bubble in porous media was 
calculated by considering buoyancy force, surface tension effect and drag force. To consider the effect of porosity, 
permeability and wetting fluid saturation on ascent of CO2 in porous media, a new surface tension force model was 
studied. Based on the calculation results, the bubble rising velocity showed strong dependency on porosity and grain 
diameter. But there was negligible permeability effect. The developed model showed different calculation results 
with correction factor of force balance. There is no agreement in previous researches whether the escaped CO2 bubble 
from the marine sediment can be released to the atmosphere or not. To understand the CO2 bubble behavior in the 
water column, we calculated the dissolution of CO2 bubble in sea water. A molecular diffusion and a convective mass 
transfer of CO2 bubble were calculated by considering offshore environmental conditions during the dissolution. 
Based on the calculation results, the bubble dissolution rate showed strong dependency on the initial bubble diameter 
and bubble rising velocity.  
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To reduce the emission of carbon dioxide into the atmosphere, carbon capture and storage (CCS) has 
been recognized as one of the most prominent technologies [1]. The technology of CCS is three stage 
process involving a process of capturing CO2 from industrial and power generating sources, transporting it 
from its sources to the storage sites, and storing it in the geological structures for long-term isolation from 
 
* Corresponding author. Tel.:+82-42-866-3622; fax: +82-42-866-3630. 
E-mail address:chuh@kiost.ac. 
Available online at www.sciencedirect.com
© 2013 The Authors. Published by Elsevier Ltd.
Selection and/or peer-review under responsibility of GHGT
 Cheol Huh et al. /  Energy Procedia  37 ( 2013 )  3432 – 3438 3433
the atmosphere [2]. During the whole CCS value chain, there is a possibility of CO2 leakage to the 
atmosphere due to unexpected accident and failure. This leakage failure can happen by crush down of 
transport pipelines, breaking down of injection well, or unpredictable geological event etc. [3, 4]. One of 
the main concerns of CCS is leakage and seepage of CO2 from geologic carbon sequestration sites. That 
leads to CO2 migration into atmosphere and sea water. To employ safe and environment friendly CCS, 
and gain a public acceptance, it is necessary to minimize the possibility and prepare the consequences of 
leakage. 
 In this study, CO2 storage in offshore sediment was only considered. In leakage accident, CO2 flow 
out of the deep geologic formations and migrate to the water column of ocean environment. To analyze 
the fate and effect of the leaked CO2, numerical modeling of CO2 behavior in the subsurface and the 
water column was carried out. 
Most of the previous studies on the CO2 seepage were carried out mainly focused on onshore geologic 
formations. On the other hand, only a few studies on offshore CO2 seepage from marine sediment were 
carried out to analyze the natural analogue. In this study, CO2 bubble dynamic, especially migration 
across a geologic formations and water column was numerically studied. 
 
2. Numerical Modeling of CO2 Leakage in the Subsurface 
Corapcioglu et al. [5] and Oldenburg et al. [6] studied numerical modeling of CO2 leakage in the 
subsurface. To analyze the rising behavior of leaked CO2, they considered the force balance of CO2. We 
used same methods and tried to modify some models. The external forces acting on a bubble rising in an 
otherwise saturated porous medium result from gravitational effects (buoyancy), surface tension effects 
and drag forces [6]. Corapcioglu et al. [5] assumed that the stationary porous medium is homogenous, 
isotropic, fully saturated with water, and the fluids (water and gas) are incompressible. 
 
 
Fig. 1. Natural release of CO2 in seabed [7] 
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The buoyancy force is 
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where 
f
  is the density of formation water. Especially, Oldenburg et al. [6] assumed that the bubble 
radius was the same as diameter of grain. 
The surface tension force is  
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where R  is the equivalent radius of a pore throat through which a bubble can pass in a particular 
arrangement of grains,  is the surface tension and  is the contact angle. Corapcioglu et al. [5] and 
Oldenburg et al. [6] assumed that the contact angle is constant during the bubble flow. In this study, 
capillary pressure which is the pressure difference across the interface between two phases was used to 
consider surface tension effect. 
The drag force is  
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where b  is the dynamic viscosity of bubble, dp is the mean grain diameter, and A is correction factor. 
Then, the force balance is  
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Then, the rising velocity can be calculated using Eq. (4). 
The rising velocity of CO2 bubble in the sediment was calculated with varying the porosity, 
permeability and correction factor. Figure 2 shows the effect of porosity on rising velocity. The rising 
velocity of CO2 increases with porosity. On the other hand, the permeability of the porous media does not 
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affect the rising velocity as shown in Fig. 3. Figure 4 shows that the rising velocity has strong dependency 
on correction factor.
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Fig. 2. Effect of porosity on CO2 rising veolocity
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Fig. 3. Effect of permeability on CO2 rising velocity
Fig. 4. Effect of correction factor on CO2 rising velocity
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3. Numerical Modeling of CO2 Seepage in the Water Column 
To understand the CO2 bubble behavior in the water column, we calculated the dissolution of CO2 
bubble in sea water. The dissolution of CO2 bubble is governed by molecular diffusion and convective 
mass transfer. Both mechanisms were calculated by considering offshore environmental conditions.  
The dissolution of CO2 bubble is governed by molecular diffusion and convective mass transfer. The 
rate of dissolution is 
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where K is the mass transfer coefficient, 
2CO
M   is the molecular weight of CO2, Rb is the radius of the 
bubble, Cb is the concentration inside the bubble and C  is the dissolved CO2 concentration of seawater. 
Figure 5 show the calculation scheme of CO2 bubble dissolution behavior during ascent movement. 
The mass transfer coefficient can be expressed in terms of Sherwood number, Reynolds number and 
Schmidt number. In this study, the convective mass transfer correlation for single sphere of Brian and 
Hales [8] was used. 
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Fig. 5. Calculation scheme of rising CO2 bubble in water column 
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where D is the diffusion coefficient (mass diffusivity). The terminal velocity of rising CO2 bubble in 
the water column is calculated using the relation of Peebles and Garber [9]. 
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The dissolution of CO2 bubble was calculated with Eqs (5)-(9). And we assumed that properties and 
CO2 concentration of the surrounding sea water are constant. To solve this time dependent behavior of 
CO2 bubble dissolution, the initial bubble radius was derived using Taylor instability.  
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Figure 6 shows that CO2 may dissolve and the volume of bubble may decrease as the bubble rises in 
the water column. Based on the calculation results, the bubble dissolution rate showed strong dependency 
on the initial bubble diameter and bubble rising velocity. To consider the effect of convective mass 
transfer and bubble rising velocity, various correlations will be calculated and compared. 
 
 
 
Fig. 6. Radius and location variations of rising CO2 bubble in water column 
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4. Conclusion 
To elucidate the seepage behavior, CO2 bubble dynamics in partially saturated porous media was 
studied. The new surface tension force model was developed to consider the effect of porosity, 
permeability and wetting fluid saturation. The bubble rising velocity showed strong dependency on 
porosity and grain diameter. But there was negligible permeability effect. The developed model showed 
different calculation results with correction factor. To get a more realistic and reliable model, some 
coefficient and constitute models of the governing equation will be modified. 
To elucidate the seepage behavior, CO2 bubble dynamics in water column was studied. Before going 
to main calculation, various correlations was calculated and compared to consider the effect of convective 
mass transfer and bubble rising velocity. In this study, the leaked bubble fully dissolved before touching 
the sea surface. To get a more realistic and reliable model, more detailed mass transfer model considering 
local thermophysical properties will be developed. 
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